| INTRODUC TI ON
Each year, influenza virus infections are a major contributor to hospitalizations worldwide.
1 Many high-and upper-middle-income countries have used influenza-associated burden estimates to identify target groups for influenza prevention and control and to explore the cost-effectiveness of these interventions. [2] [3] [4] [5] [6] Despite increasing global influenza surveillance capacity and an improved understanding of influenza virus seasonality and epidemiology, estimates of influenza-associated burden are limited in low-and middleincome countries. 1, 7 Country-specific influenza-associated burden estimates generated through the use of viral surveillance data can provide useful information to ministries of health (MOH) and national immunization technical advisory groups (NITAG) as they seek to understand the potential value of introducing seasonal influenza vaccines in their country. 3, 8 The Kingdom of Bhutan is a lower-middle-income country located in Eastern Himalaya between China to the north and India to the east, west, and south, with a population of roughly 760 000
( Figure 1 ). 9 Climate across Bhutan varies based on changes in elevation, from high Himalayan peaks in the north to the tropical plains along the Indian border. The government of Bhutan has reported sporadic outbreaks of A(H5N1) virus in domestic poultry from 2010 to 2016, mainly in districts near the Indian border.
10
The majority of Bhutan's population lives in rural settings with rugged terrain making cross country travel challenging and access to healthcare services difficult. 11 The government of Bhutan provides all healthcare services, including medications and routine immunizations, free of charge to its citizens. While seasonal influenza is not part of Bhutan's routine immunization schedule, the government of Bhutan is exploring the utility of its introduction among WHO recommended target groups. 12 In addition, In this analysis, we used SARI viral surveillance data, nationally reported respiratory coded hospital discharge data, and census data to estimate age group-specific influenza-associated respiratory hospital- Laboratory staff at RCDC tested all specimens by real-time reverse transcription-polymerase chain reaction for the presence of influenza A and B viruses using methods adapted from CDC protocols. 15 Specimens positive for influenza A were further tested for influenza A virus subtypes. In addition to testing for seasonal virus subtypes, patients with recent exposure to avian influenza outbreaks among poultry or with recent international travel history were also tested for influenza A(H5) or A(H7) viruses, respectively.
| SARI surveillance network

| Evaluation of SARI case-patient identification
In order to determine whether the number of SARI case-patients reported to RCDC accurately reflected the totality of patients meeting the SARI case definition, we conducted a retrospective medical chart review at four of the seven district-level SARI sentinel site hospitals, which we selected for their accessibility. At each hospital,
we reviewed approximately 100 hospitalized patient medical charts from three to eight randomly selected weeks during 2015 and collected demographic, symptom, and discharge information. As annual hospital admissions varied widely between these four hospitals, the number of randomly selected weeks varied by hospital in order to review a similar number of charts at each hospital. We classified each patient according to the Bhutanese SARI case definition based on recorded symptom data. We then compared the number of SARI case-patients identified during the chart review to the number of SARI case-patients reported to RCDC during the same time period.
| Observed respiratory hospitalizations
At hospitals throughout Bhutan, records staff coded the primary dis- 
| Evaluation of ICD-10 coded hospitalizations
In all seven SARI sentinel sites that are district-level hospitals, we additionally conducted a retrospective hospital-based logbook review to validate the number of respiratory ICD-10 coded hospitalizations reported to the MOH each month. We conducted this evaluation to validate data in the national MOH database before it was included in the pooled analysis. At each hospital, we reviewed discharge diagnoses (both free text and ICD-10 coded) in hospital logbooks in randomly selected months during 2015-2016. We recorded demographic information (age and district of residence) and primary discharge diagnosis information (free text or ICD-10 coded) for every hospitalized patient with a reported respiratory discharge diagnosis. We summarized the number of respiratory hospitalizations by month, age group, and hospital and compared it to the number of respiratory hospitalizations reported to the MOH national hospitalization database for the same month.
| Calculation of influenza-associated respiratory hospitalizations
After excluding one SARI sentinel site following the data evaluations, we estimated annual influenza-associated respiratory hospitalizations for the six remaining districts in Bhutan where the SARI surveillance sentinel site was the only admitting hospital within that district. These six districts represented 31% of the national population. We excluded Hospital A because the number of respiratory diagnoses reported to the MOH and the number recorded in the hospital logbooks were so divergent. We calculated the monthly proportion of specimens testing positive for influenza virus across all age groups and sentinel sites for 2015-2016. We
were not able to stratify these data by age group or region because of the low number of influenza virus-positive specimens identified each year. We then estimated influenza-associated respiratory hospitalizations in each district using the following formula:
where: We next summed estimates of influenza-associated respiratory hospitalizations across all six districts. We assumed the catchment population of each of the hospitals was the district population, as all health centers referred severely ill patients to their respective district hospitals and no other hospitals were located in these districts. We obtained mid-year district-level population estimates for 2015 by age groups from the Bhutanese National Statistics Bureau 9 and calculated pooled rates by dividing the sum of influenza-associated hospitalizations across the six sites by the sum of all six district populations for 2015 and 2016.
We extrapolated these combined rates to the national level using national population estimates to generate national estimates of influenza-associated respiratory hospitalizations. We calculated the confidence intervals assuming a binomial distribution for the variance in the proportion of samples testing positive for influenza and a Poisson distribution for the variance in respiratory hospitalizations using the following formula:
where:
95% CI a : 95% confidence interval of influenza-associated respiratory hospitalizations for age group (a); 
| Ethics statement
This project was part of an influenza control program evaluation;
only anonymized surveillance data were used for this analysis.
| RE SULTS
| SARI surveillance
During January 2015 to December 2016, surveillance staff across the 11 participating SARI sentinel sites collected specimens from 1395 hospitalized patients meeting the SARI case definition.
The median number of days from symptom onset to specimen collection was four (interquartile range: 2-6 days). The majority (61%) of the 1395 case-patients were children aged <5 years; 21%
(n = 292) were <1 year; and 40% (n = 555) were aged 1-4 years (Table 1) 
| Evaluation of SARI case-patient identification
In hospitals where the study team evaluated SARI case-patient identification, the combined number of SARI case-patients identified and reported by hospital staff through routine surveillance during the review period (N = 14) represented 36% (95% CI: 21-51) of those identified through our medical chart review (N = 39) (Table S1 ). Each week, however, the number of SARI case-patients identified in medical charts was very small; in 10 (56%) of the 18 weeks reviewed, there was ≤1 SARI case-patient identified in the medical charts or reported through the surveillance system. (Table S2 ). On average, these differences were small (0.1%-12.8%
fewer discharges recorded in national datasets than recorded in the hospital logbooks). In Hospital A, however, there was a 7-fold difference in what was recorded in the hospital logbook vs the national database.
| Influenza-associated respiratory hospitalizations
Across the six sentinel sites, we estimated 116 (95% CI: 104-127)
influenza-associated respiratory hospitalizations occurred across all ages in 2015 and 276 (95% CI: 256-296) in 2016 ( Table 2) .
These equated to an all age rate of 50 per 100 000 persons (95% CI (16) 184 (25) 1-<5 y 309 (47) 248 (34) 5-<15 y 78 (12) 84 (11) 15-<30 y 59 (9) 90 (12) 30-<50 y 50 (8) 44 (6) ≥50 y 55 (8) 73 (10) Age missing 0 (0) 13 (2) Reported difficulty breathing 
| D ISCUSS I ON
We observed a high burden of seasonal influenza virus infections among respiratory hospitalizations in 2015-2016 across Bhutan, especially among children <5 years and older adults. As seasonal influenza vaccine is not currently available in Bhutan, the Bhutanese MOH could use these burden estimates to assess the potential value of seasonal vaccine introduction and other influenza control measures. For example, the Bhutanese MOH could use these hospitalization rates to explore seasonal influenza vaccine program cost-effectiveness and cost benefit or to determine priority groups to receive stockpiled antivirals during seasonal epidemics.
The Bhutanese MOH is also updating its pandemic plan, and these influenza-associated hospitalization rates might help them better plan for the number of vaccine and antiviral doses needed during an influenza pandemic. Our all age rate estimates were similar to previously published estimates from neighboring countries where seasonal influenza vaccine use was low, such as rural India, central China, and We acknowledge important limitations to our influenzaassociated hospitalization rates. First, our study attributed influenza laboratory findings to respiratory hospitalizations in six districts based on the results of sampled SARI case-patients of all ages identified throughout the national surveillance system. The number of influenza hospitalizations would likely be different if all hospitalized patients had been tested for influenza; however, the age distributions of sampled SARI case-patients and reported respiratory hospitalizations were similar, which might minimize this difference. 27, 28 Second, hospitals in Bhutan only reported one discharge diagnosis, rather than all underlying or secondary diagnoses, which likely underestimated the true number of hospitalizations for respiratory illnesses. Third, we extrapolated rates from six districts that did not include the capital, Bhutan's largest city, to all of Bhutan; these districts may not be representative of all of Bhutan. Fourth, we did not include any districts with referral hospitals, which may underestimate severe respiratory disease in the country. Last, while some residents in one district might have sought medical care in another district, we assumed district-level populations were a fair approximation of each district hospital catchment population because of the remoteness and relative isolation of Bhutanese communities.
| CON CLUS ION
Our findings suggest that each year hundreds of influenzaassociated respiratory hospitalizations occur throughout Bhutan, especially among young children and older adults. These findings demonstrate the magnitude of seasonal influenza burden among different age groups and could be used to explore the potential value of introducing influenza prevention and control measures.
For example, these estimates could be used to estimate the number of influenza cases that could be averted through an influenza vaccine program, information that would be valuable for the Bhutanese MOH and NITAG when considering seasonal influenza vaccine introduction. 
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